The family Phyllobacteriaceae, a member of the class Alphaproteobacteria, was first described by Mergaert and Swings [1, 2] . At the time of writing, the family contains 15 genera, Aliihoeflea [3] , Aminobacter [4] , Aquamicrobium [5] , Chelativorans [6] , Corticibacterium [7] , Hoeflea [8] , Lentilitoribacter [9] , Mesorhizobium [10] , Nitratireductor [11] , Oricola [12] , 'Paramesorhizobium' [13] , Phyllobacterium [14] , Pseudahrensia [15] , Pseudaminobacter [16] and Tianweitania [17] , and its members have been isolated from diverse environmental habitats. Cells of the family Phyllobacteriaceae are Gram-staining-negative and motile rods with polar or subpolar or lateral flagella and contain C 18 : 1 !7c/C 18 : 1 !6c and ubiquinone-10 (Q-10) as major fatty acids and respiratory quinone, respectively. In this study, we isolated a strain, presumably representing a novel genus of the family Phyllobacteriaceae, from a marine alga. Here, we describe its taxonomic characteristics using a polyphasic approach and also propose the reclassification of Hoeflea suaedae as a novel genus and species of the family Phyllobacteriaceae.
Strain MA7-20
T was isolated from a small marine red alga, Porphyridium marinum, in South Korea. Porphyridium marinum isolated from the Yellow (West) Sea of South Korea (36 54¢ 15.9 † N 126 11¢ 52.8 † E) was cultured in L1 medium [18] at 25 C for 4 weeks. The culture of Porphyridium marinum was serially diluted in artificial seawater (ASW; 20 g NaCl, 2.9 g MgSO 4 , 4.53 g MgCl 2 . 6H 2 O, 0.64 g KCl and 1.75 g CaCl 2 . 2H 2 O per litre), spread on marine agar (MA; BD) and incubated at 25 C for 3 days under aerobic conditions. The 16S rRNA genes of colonies grown on MA were PCR-amplified using the universal primers F1 (5¢-AGAGTTTGATCMTGGCTCAG-3¢) and R13 (5¢-TACG-GYTACCTTGTTACGACTT-3¢) and double-digested with HaeIII and HhaI, and then representative PCR amplicons showing distinct fragment patterns were partially sequenced using the primer F1, as described previously [19] T were used as reference strains for the comparisons of phenotypic properties and fatty acid analysis.
To obtain a longer sequencing read, the 16S rRNA gene of strain T was cloned into the pCR2.1 vector using a TOPO cloning kit (Invitrogen) according to the manufacturer's instructions and sequenced using the M13 reverse and T7 primers of the TOPO cloning kit at Macrogen (Korea). The 16S rRNA gene sequences of strain MA7-20 T and closely related type strains were aligned using the fast secondary-structure aware Infernal aligner available in the Ribosomal Database Project (RDP) [21] . Phylogenetic trees based on the neighbour-joining (NJ) and maximum-parsimony (MP) algorithms were reconstructed using the PHYLIP software (version 3.695) [22] , and their tree topologies were evaluated through a bootstrap analysis based on a 1000-resampled dataset. A phylogenetic tree with bootstrap values based on the maximum-likelihood (ML) algorithm was also reconstructed using RAxML-HPC BlackBox (version 8.2.4) of the Cyber-Infrastructure for Phylogenetic Research project (CIPRES, www.phylo.org; [23] ). An additional taxonomic analysis was performed using the RDP naïve Bayesian rRNA Classifier tool (http://rdp.cme.msu. edu/classifier; [24] T formed a distinct phylogenetic lineage with low bootstrap values from members of genera Hoeflea, Oricola and Nitratireductor within the family Phyllobacteriaceae (Fig. 1) . Phylogenetic trees reconstructed by the ML and MP algorithms also supported that strain MA7-20 T formed a distinct phylogenetic lineage from the closely related members of the family Phyllobacteriaceae (Fig. S1 , available in the online Supplementary Material). The taxonomic analysis using the RDP Classifier tool also showed that strain MA7 -20 T was classified as unclassified_Phyllo-bacteriaceae at an 80 % confidence threshold. On the other hand, the similarities of 16S rRNA gene sequences between H. suaedae YC6898 T and other validly published type strains were <96.7 %, but the phylogenetic analyses displayed that H. suaedae also formed a clearly separate lineage from members of the genus Hoeflea and other closely related genera (Fig. 1 ). In conclusion, the phylogenetic analyses clearly suggested that strain MA7-20 T could represent a novel genus of the family Phyllobacteriaceae and H. suaedae should be reclassified in another novel genus of the family Phyllobacteriaceae.
Growth of strain T was tested at 30 C for 3 days on R2A agar (BD), laboratory prepared Luria-Bertani (LB) agar, nutrient agar (BD), tryptic soy agar (TSA; BD) and MA containing approximately 2 % (w/v) NaCl. Growth of strain T at different temperatures (10, 15, 20, 25, 30, 37, 40, 45 and 50 C) and pH values (pH 5.0-11.0 at 0.5 pH unit intervals) was evaluated in MB for 3 days. MB with pH below pH 7.0 and with pH 8.0-11.0 was prepared using Na 2 HPO 4 /NaH 2 PO 4 and Tris/HCl buffers, respectively [25] . After autoclaving (121 C, 15 min), the pH values were adjusted again if necessary. Growth of strain MA7-20
T at different NaCl concentrations (0-10 % at 1 % intervals) was tested in MB prepared in the laboratory according to the BD formula. The following physiological and biochemical tests were conducted using cells grown on MA for 3 days at 30 C. Gram staining was investigated using the bioM erieux Gram stain kit according to the manufacturer's instructions. Oxidase activity was evaluated by the oxidation of 1 % (w/v) tetramethyl-p-phenylenediamine (Merck), and catalase activity was tested by the production of oxygen bubbles in 3 % (v/v) aqueous H 2 O 2 [26] . The presence of flexirubintype pigments was investigated using 20 % (w/v) KOH solution [27, 28] . For carotenoid analysis, cell extracts were prepared with acetone/methanol (7 : 2, v/v), and their absorption spectrum (300-700 nm) was observed using a UV-visible spectrophotometer (SynergyMx; BioTek). Cell morphology was investigated using phase-contrast microscopy and transmission electron microscopy (JEM-1010; JEOL) with cells grown on MA at 30 C. Anaerobic growth was assessed on MA under anaerobic conditions (with 4-10 % CO 2 ) using the GasPak Plus system (BBL) at 30 C for 21 days. The following properties of strain T and the four reference strains were investigated under the same conditions in parallel. Hydrolysis of casein, starch, aesculin, tyrosine, urea, gelatin, Tween 20 and Tween 80 was tested on MA according to the methods described by Smibert and Krieg, and L anyi [26, 29] . Nitrate reduction was assessed in MB according to the method described by L anyi [29] . Additional enzymic activities, biochemical features and oxidation of various carbon sources were evaluated using API ZYM, API 20NE (bioM erieux) and GN2 MicroPlate (Biolog), respectively, according to the manufacturers' instructions. Antibiotic susceptibility was tested using to the method described by Jeong et al. [30] .
Strain T grew well on MA and R2A agar containing 2 % NaCl (optimum growth on MA), but grew very slowly on LB agar, TSA and nutrient agar containing 2 % NaCl. Cells of strain MA7-20
T were Gram-staining-negative and motile rods with bipolar flagella (0.7-0.8 µm width and 1.3-1.5 µm long) (Fig. S2) . Cell extracts of strain MA7-20 T showed a typical UV spectrum of carotenoid pigments with a maximum at 485 nm and shoulders at 460 and 520 nm, indicating that the strain produces carotenoid pigments. Anaerobic growth was not observed after 21 days of incubation at 30 C. Strain MA7-20 T was susceptible to the following antibiotics (µg per disc): ampicillin (10), carbenicillin (100), gentamicin (30) , lincomycin (15) , neomycin (30) , novobiocin (5), oleandomycin (15) and tetracycline (30) , while strain MA7-20
T was resistant to kanamycin (30) . Some phenotypic properties including catalase and oxidase activities, morphology, flexirubin-type pigment production and flagellum motility were in common with other reference strains of the family Phyllobacteriaceae, but many other properties clearly differentiated strain MA7-20
T from the reference strains (Table 1 ). In addition, the comparison of phenotypic properties also showed that H. suaedae could be differentiated from other members of the genus Hoeflea and closely related genera. For example, colony colour of strain MA7-20 T was red, while those of the reference strains were white-cream or white. Strain MA7-20
T did not reduce nitrate to nitrite. However, nitrate reduction of H. suaedae was positive and that of H. marina was negative. Besides these differential properties, many other properties such as range of temperature, pH and NaCl for growth and 
Mesorhizobium sangaii SCAU7 T (EU514525)
Mesorhizobium ciceri UPM-Ca7 T (U07934)
Mesorhizobium shangrilense CCBAU 65327 T (EU074203)
Oricola cellulosilytica CC-AMH-0 T (KF582604)
Roseitalea porphyridii MA7-20 T (KX268598)
Pseudohoeflea suaedae YC6898 T (HM800935)
Nitratireductor basaltis J3 T (EU143347)
Nitratireductor pacificus pht-3B T (AMRM01000023)
Hoeflea anabaenae WH2K T (DQ364238)
Hoeflea halophila JG120-1 T (GU564401)
Hoeflea marina LMG 128 T (AY598817)
Hoeflea phototrophica DFL-43 T (ABIA02000018) T and H. suaedae including the results of API ZYM, API 20NE (bioM erieux) and GN2 MicroPlate (Biolog) systems are additionally described in the species description and Table S1 and compared with those of the closely related reference strains of the family Phyllobacteriaceae in Tables 1 and S1 .
Hoeflea olei JC234 T (HG965759)
Hoeflea
Isoprenoid quinones of strain MA7-20
T were extracted according to the method of Minnikin et al. [31] and analysed using a model LC-20A HPLC system (Shimadzu) equipped with a diode array detector (SPD-M20A; Shimadzu) and a reversed-phase column (250Â64.6 mm, Kromasil; Akzo Nobel) as described by Komagata and Suzuki [32] . The DNA G+C content of strain T was determined by the fluorometric method [33] using SYBR Green I and a real-time PCR thermocycler (Bio-Rad). Strain T and the four reference strains were cultivated in MB at their respective optimal temperatures and their microbial cells were harvested at the same growth stage (exponential phase, OD 600 =0.8) for the cellular fatty acid analysis. The cellular fatty acids of the microbial cells were saponified, methylated and extracted using the standard MIDI protocol. The fatty acid methyl esters were analysed by gas chromatography (model 6890; Hewlett Packard) and identified by using the TSBA6 database of the Microbial [11, 36] . All strains are positive for the following characteristics: Gram staining, motility, catalase, oxidase and activity* of alkaline phosphatase, esterase (C4) and leucine arylamidase. All strains are negative for the following characteristics: production of flexirubin-type pigments, hydrolysis* of starch, casein, Tween 20, Tween 80 and gelatin, reduction of nitrate to nitrogen, fermentation of glucose, indole production, activity* of arginine dihydrolase, a-chymotrypsin, b-glucuronidase, a-mannosidase and a-fucosidase, and assimilation* of capric acid and adipic acid. +, Positive; À, negative. 
L-Arabinose, D-mannitol, maltose, potassium gluconate, malic acid Identification System (Sherlock version 6.0B; [34] ). The polar lipids of strain MA7-20 T were analysed by TLC using cells harvested during the exponential growth phase according to the procedure described by Minnikin et al. [35] . The following reagents were used to detect different polar lipids: 10 % ethanolic molybdophosphoric acid (for total polar lipids), ninhydrin (for aminolipids), Dittmer-Lester reagent (for phospholipids), a-naphthol (for glycolipids) and Dragendorff reagent (for choline).
The only respiratory quinone detected from strain MA7-20 T was ubiquinone-10 (Q-10), which was well in agreement with those detected from members of other genera of the family Phyllobacteriaceae [8, 11, 12, 36, 37] . The genomic DNA G+C content of strain MA7-20
T was approximately 61.5 mol%, which was in the range of the DNA G+C contents of members of other genera in the family Phyllobacteriaceae (Table 1) . However, the DNA G+C content was much higher than those of H. suaedae (53.7 %) and H. marina (53.1 %) [8, 37] , suggesting that strain MA7-20
T could be differentiated from H. suaedae and members of the genus Hoeflea. The major cellular fatty acids (>10 % of the total fatty acids) of strain MA7-20 T were C 18 : 0 , 11-methyl C 18 : 1 !7c and summed feature 8 (comprising C 18 : 1 !7c/C 18 : 1 !6c). The overall fatty acid profile of strain MA7-20
T was similar to those of the reference taxa of the family Phyllobacteriaceae, but there were some differences in the respective proportions of some fatty acid components. (Table 2 ). For example, C 18 : 0 was detected as a dominant fatty acid from strain MA7-20 T , but it was detected as only a minor component from the reference strains. In addition, C 16 : 0 was detected as a minor fatty acid from strain MA7-20 T , while H. suaedae and H. marina contained it as one of dominant fatty acids. In addition, cyclo-C 17 : 0 was detected from H. marina, but it was not detected from H. suaedae. The major polar lipids of strain MA7-20 T were phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol (DPG), phosphatidyl-N-methylethanolamine and three unidentified glycolipids (Fig. S3) . The profiles of polar lipids also clearly differentiated strain MA7-20
T and H. suaedae from other closely related taxa (Table 1) . For example, DPG was detected from strain MA7-20 T , while it was not detected from H. suaedae or H. marina. In addition, SQDG (sulfoquinovosyl diacylglycerol) was not identified from H. suaedae, but it was detected from H. marina. In conclusion, the physiological and chemotaxonomic features and the phylogenetic analysis clearly support that strain MA7-20
T represents a novel genus of the family Phyllobacteriaceae, for which the name Roseitalea porphyridii gen. nov., sp. nov. is proposed. In addition, we also propose that H. suaedae is reclassified as Pseudohoeflea suaedae gen. nov., comb. nov.
DESCRIPTION OF THE GENUS ROSEITALEA GEN. NOV.
Roseitalea (Ro.se.i.ta¢le.a. L. adj. roseus rose-coloured; L. fem. n. talea a rod; N.L. fem. n. Roseitalea rose-coloured rod bacterium).
Cells are Gram-staining-negative, strictly aerobic and motile rods with flagella. Colony colour is red. Flexirubin-type pigments are absent, but carotenoid pigments are produced. Oxidase and catalase are positive. Nitrate is not reduced to nitrite. The predominant quinone is ubiquinone-10 (Q-10). The major fatty acids (>10 %) are C 18 : 0 , 11-methyl C 18 : 1 !7c and summed feature 8 (comprising C 18 : 1 !7c/C 18 : 1 !6c). The major polar lipids are phosphatidylcholine, phosphatidylglycerol, phosphatidylethanolamine, diphosphatidylglycerol and phosphatidyl-N-methylethanolamine. Phylogenetically, the genus is a member of the family Phyllobacteriaceae of the phylum Proteobacteria. The type species is Roseitalea porphyridii.
DESCRIPTION OF ROSEITALEA PORPHYRIDII SP. NOV.
Roseitalea porphyridii (por.phy.ri¢di.i N.L. gen. n. porphyridii of Porphyridium, referring to the isolation of the type strain from the alga, Porphyridium marinum).
In addition to the characteristics given in the genus description above, this species has the following properties. Growth occurs at C (optimum, 30-37 C), at pH 6.0-10.5 (optimum, pH 7.0-8.0) and in the presence of 0-7.0 % (w/v) NaCl (optimum, 2-3 %). Indole production and fermentation of glucose are not detected. Hydrolyses aesculin and urea, but not casein, Tween 20, Tween 80, starch, gelatin or 
DESCRIPTION OF THE GENUS
PSEUDOHOEFLEA GEN. NOV.
Pseudohoeflea (Pseu.do.hoef¢le.a. Gr. adj. pseudes false; N.L. fem. n. Hoeflea a bacterial genus name; N.L. fem. n. Pseudohoeflea the false Hoeflea).
The description is based on the data presented by Chung et al. [37] and this study for the cellular fatty acids.
Cells are Gram-staining-negative, aerobic, short rod-shaped and motile by a single flagellum. Oxidase and catalase activities are positive. The predominant quinone is ubiquinone-10 (Q-10). The major fatty acids are C 16 : 0 , 11-methyl C 18 : 1 !7c, cyclo-C 19 : 0 !8c and summed feature 8 (comprising C 18 : 1 !7c/ C 18 : 1 !6c). The major polar lipids are phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol and phosphatidyl-N-methylethanolamine. Phylogenetically, the genus is a member of the family Phyllobacteriaceae of the phylum Proteobacteria. The type species is Pseudohoeflea suaedae. The description is as given for Hoeflea suaedae by Chung et al. [37] with the following modifications. The major cellular fatty acids (>10 %) are C 16 : 0 , 11-methyl C 18 : 1 !7c, cyclo-C 19 : 0 !8c and summed feature 8 (comprising C 18 : 1 !7c/ C 18 : 1 !6c).
DESCRIPTION OF
The type strain is YC6898 T (=KACC 14911 T =NBRC 107700 T ). 
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